There has been a great deal of interest in a variety of new machines intended to probe atomic nuclei for hadronic and quark aspects which lie beyond the familiar shell model view of nuclei. This paper gives the physics perspective within which the proposals for such machines have arisen and discusses the two classes of tools -high energy cw electron machines and relativistic heavy ion machines -which lie at opposite ends of the arsenal being gathered for the pursuit of QCD in nuclei. The electron machines present a reasoned analytic approach to the simplest systems and the heavy ion machines a major thrust for startling new physics in the quark-gluon sea.
Introduction
Around the world there is an intense new interest in new kinds of accelerators for nuclear physics because of a quite remarkable and sudden change in the direction of nuclear physics. Nuclear physicists have come to believe that quark structure of nucleons must play a role in nuclei and, further, that the nuclear arena may be the best place to unravel the long distance aspects of quantum chromodynamics (QCD). In this paper I want to give a brief overview of the science perspective within which that conviction has been attained, the long list of questions which have suddenly become urgent and the accelerators which appear to be needed to answer the questions.
The passions of the debate about new accelerators are sufficiently great that the organizers invited me, a spectator, to speak on the subject rather than one of the active participants. The whole gamut of nuclear subfields is involved in the change in direction. At the far right one has the careful conservative approach based on the best understood probe, the electron. At the far left one has the radical faction proposing relativistic heavy ion machines in a headlong rush toward quark-gluon matter. In the centre are the meson factories (TRIUMF and LAMPF) now proposing to boost their energies twentyfold or more. As a confirmed centrist I am asked here to report on both extremist factions. Next, the debate rages around the world but has been approached most critically and The interest of nuclear physics in QCD dynamics has not been heralded by any major single discovery. In fact, as we shall report below, the effects of QCD in nuclei are, so far, proving rather elusive. Rather, the interest has been aroused by the basic physical fact that the size5 of the nucleon bag (-0.8 fm) is only a little smaller than the internucleon spacings6 (-2.2 fm) in the centre of a nucleus. In spite of short-range repulsion, or the correlations imposed on identical fermions by the Pauli principle, it then becomes likely that occasionally the quark bags will coalesce in a normal nucleus. How does this affect nuclear properties?
Figure l(a) shows the familiar view of a nucleus in which neutrons and protons move in single-particle orbits but interact through meson exchange (7's, p's, etc.). This shell model view has been remarkably successful in describing the properties of nuclear energy levels. It predicts, correctly, an astonishing variety of single particle and collective phenomena which will no doubt continue to challenge a number of nuclear physicists for many years. The pursuit of the phenonmena associated with this picture will continue to be carried out, in part, with the system of several dozen very fine tandem accelerators and low energy cyclotrons which remain active in the world.
Going beyond the nucleon picture one can enquire about hadron aspects which involve mesons, isobars, meson exchange currents, etc. Extending the familiar picture in this way requires medium energy accelerators.
The new view of a nucleus is given, in very qualitative and tentative terms, by Fig. l(b Among the tantalizing prospects for startling nuclear physics one is inclined to include the anomalons observed in emulsion work11 at the Bevalac. Figure 4 shows the distribution of measured mean free paths, about the average for the second collision of very energetic heavy ions ('1 GeV/nucleon) which have experienced a primary collision. The data suggest that a small fraction (-6%) of the secondary particles have ten times shorter mean free paths than the others. The suggestion is that the ion, in its primary collision, attains a state which is ten times more interactive than that of a normal nucleus and that this highly unusual state persists through 10-10 s or more and, possibly, through violent tertiary collisions. Is this some evidence, at these modest energies, of quark-gluon matter? It is very frustrating that the elucidation and verification of the anomalons by counter experiments has not yet occurred.
There are also some interesting suggestions of quark effects in the high q2 form factors for electron scattering from few-nucleon systems. But there is not much else at present.
One might be tempted to ask whether or not the remarkable success of the shell model does not by itself make unlikely any strong manifestation of quark effects in normal nuclei. The answer is, not really. Low-lying levels of nuclei involve the arrangement of nucleons in the outer shells whose orbits occur in that half of the nuclear volume which is significantly below central density. The quark effects are likely to be strongly density dependent and therefore to occur predominantly in the centre of the nucleus. Further, in the phenomenological shell model one employs effective interactions and effective operators. Some of the initial effects of quark and hadron degrees of freedom may possibly be simulated by the modifications of interactions and operators. Again one hopes for more. Yet the interest in quark effects has given new urgency to sorting out the limits of validity of the current shell is determined by the excitation energy of X and of the residual nucleus, and by the recoil energy of X. The range of angles required is determined by the Rosenbluth formula and the need to separate longitudinal (OL) and transverse (OT) components of the cross section. Usually 1500 is sufficient to determine cT while small angles determine oL (500 is sufficient).
As an example of the importance of the kinematical factors in defining the beam energy, Fig. 5 shows a plot of the kinematic regions available with E0 = 2 GeV and Eo = 4 GeV. The ordinate is the square of the four-momentum transfer (Q2 = q2-w2) while the abscissa is the square of the missing mass, W2, assuming a proton target: Figure 5 , from the Barnes report, also includes ten classes of experiments which are:
(1) Single-arm measurements of few-nucleon targets for elastic form factors and inelastic structure functions 
10)
Giant resonance excitation (10- (1), (2) and (7)] require 4 GeV rather than 2 GeV. Step size (AE/E) The science interest for relativistic heavy ion physics covers a range of topics including (1) the physics of deconfinement and the attainment of a quark-gluon plasma, (2) nuclear matter at high density and temperature, (3) strange particle production, (4) multiple pion production, (5) The vision of what lies beyond ordinary hadronic matter is given by Fig. 7 . On a temperature density plot there is believed to be a region in which the quarks become deconfined until, at still higher temperatures or'densities, one attains the quark-gluon plasma.
The figure also shows one possible trajectory, in density and temperature, when a stationary heavy nucleus is struck, head-on, by a heavy nucleus of 10 GeV/nucleon. 10 GeV/ nucleon in which there appears to be a good chance for production of a quark-gluon plasma and for which maximum baryon densities can be achieved.
Speculations about the signature of a quark-gluon plasma have focused on photon, dilepton and strange particle production. For example, the shape of the dilepton low-mass spectrum is expected to vary greatly with temperature of the source, with quark-antiquark annihilation assumed to dominate the low-mass portion while Tr+w annihilation dominates the high-mass portion. Both the processes which constitute the signature for quark-gluon matter and the detection apparatus for the processes appear, at present, not to have received as much attention as they deserve.
The present plans for relativistic heavy ion physics count a great deal on the existing Bevalac experience. The Bevalac has, for years, produced a variety of heavy ions up to 2 GeV/nucleon and has recently been able to produce even uranium beams in this regime. In addition to the anomalons a large variety of processes have been studied pertaining to nuclear hydrodynamics, projectile and target fragmentation, pion and strange particle production, etc. A very good recent account of this work has been given by Nagamiya and 
